Abstract: A series of LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides with a perovskite-type structure were successfully synthesized at fairly low temperatures in air by the decompositon of amorphous citric and ethylene diamine tetraacetic acid complexes. The obtained mixed oxides were characterized by means of XRD, BET, DTA, DTG, XPS analyses. The results show that the precursor can be completely decomposed into oxide at temperatures below 500°C. The decomposed species equisisted of LaSrCo 1-x Mn x O 4 mixed oxides and formed a perovskite-type structure after calcination at 650°C for 6 h. The influence of the calcination temperature on the particle size, the microstrain density and the specific surface area was much more significant than that of the calcination time. The intensity of the characteristic peak of Co 2+ decresed with increasing manganese content in the LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides. The binding energies of Mn 2p 3/2 in the mixed oxides reveal that the manganese was mainly in the Mn 3+ state, which indicates that the influence of the calcination temperature and Mn content on the binding energies of Mn 2p 3/2 was very weak.
INTRODUCTION
The perovskite-type A 2 BO 4 mixed oxides of the K 2 NiF 4 structure, consisting of alternating layers of ABO 3 perovskite and AO rock salt, were recently studied as new materials because of their low cost, high catalytic activity and high thermal stabiliy. 1 In prevoskite-type mixed oxides represented by A 2 BO 4 , the B-site cation is surrounded octahedrally by oxygen and the A-site cation is located in the cavity made between these octahedra. The replacement of A-and/or B-site cations with other metal cations often results in the formation of crystal microstrain. This structure type forms solid solutions with many cations, which enables the alteration of the physical-chemical properties over a wide range. Oxides with the perovskite-type structure are important materials for a variety of electrical and catalytic ap-plications. When the perovskite-type A 2 BO 4 mixed oxides of the K 2 NiF 4 structure are used as catalysts, the catalytic properties of the perovskite-type mixed oxides make them effective in various oxidation and reduction reactions, especially in exhaust gas depollution processes. Many studies have shown that the catalytic performance of A 2 BO 4 mixed oxides, to a great extent, are associated with the A-site and B-site ions, and their corresponding valences, as well as with the crystal microstrain of these oxides. 2 Investigations of the cataytic oxidation of CO and C 3 H 8 over LnSrBO 4 catalysts have been reported. [3] [4] [5] [6] On the other hand, the catalytic reduction of NO and NO + CO over LnSrBO 4 catalysts have also been studied. [7] [8] [9] [10] For lanthanum based perovskite-type A 2 BO 4 mixed oxides, the partial substitution of lanthanum with divalent ions, in particular Sr 2+ , results in a synergistic effect due to the presence of two types of B cations, which causes an increase in their average oxidation state, resulting in a better catalytic performance. Nevertheless, the complexity of perovskite-type structures containing two cations, which can potentially assume different oxidation states, makes it very difficult to understand the real cause of the enhanced activity. The influence of the nature of B cations containing manganese, cobalt and iron on the catalytic properties of lanthanum based perovskite-type A 2 BO 4 mixed oxides has been widely studied, whereas the influence of the partial substitutiion at the B sites on the synthesis, structure and thermal property etc, of such mixed oxides has been less investigated. Therefore, further investigation is of great necessity.
In this study, a series of LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides was prepared by the decompositions of amorphous complexes of citric and ethylene diamine tetraacetic acid (EDTA). To reveal the factors controlling the performance of the mixed oxides, XRD, BET, DTA, DTG, XPS analyses were employed.
EXPERIMENTAL

Catalysts preparation
A series of LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides was prepared by the decomposition of amorphous complexes of citric and ethylene diamine tetraacetic acid (EDTA). In the synthesis, lanthanum nitrate, strontium nitrate, cobalt nitrate, manganese nitrate, EDTA and citric acid (all of AR grade purity) were used. A transparent solution of citric acid, EDTA and NH 3 ·H 2 O was prepared and then added to a solution of the metal nitrates of appropriate La, Sr, Co and Mn concentrations, to form the metalic amorphous complexes. If the ratio of citric acid: EDTA: total metal ions and pH value were kept at 1.5 : 1.0 : 1.0 and 6.0 -10.0 respectively, deposit might occur after mixing, but it would disappear immediately. With the evaropartion of water at 80°C, a dark gel was formed. Then the precursor was obtained by drying the solution completely at 110°C. LaSrCo 1-x Mn x O 4 mixed oxides were prepared by decompososing these precursors in air. At first, the temperature was raised to 500°C at a slow heating rate (about 8°C / min). The sample was held at this temperature for 100 min to promote the decomposition of the organic components. Then, the temperature was increased to various pre-set temperature (650, 800, 950 o C) and maintained for a definite period of time (4, 6, 8, 10 h ) to promote the formation of a perovskite-type mixed oxide. The sintered pellet was crashed and sieved to obtain a fraction of ca. 0.250 -0.177 mm.
Characterisation techniques
The XRD analysis was performed using X-ray diffractometer (D8/ADVANCE, Germany), with the operation conditions 40 kV/10 mA, CuKa radiation and a nickel filter. The step scans were taken over the range of 2q angles from 20 to 80 o .
The XPS analysis was carried out on a PHI 5000C ESCA X-ray photoelectron spectrometer using AlKa radiation source (hv = 1486.6 eV). The calcined samples were pressed into smal stainless-steel cylilnders and outgassed at 10 -5 Pa for 1 h before they were transfered into the analysis chamber. The residual pressure in the ion-pumped analysis chamber was maintained below a vacuum of 1.3´10 -7 Pa during the data acquisition. Pretreatments in hydrogen were carried out at 400 o C. The energy regions of the photoelectrons were scanned at a pass energy of 20 eV. Each spectral region was scanned for a number of times to obtain good signal to noise ratios. The peak intensities were estimated by calculating the integral of each peak after subtraction of the S-shaped background and fitting to a curve of mixed Lorenztian and Gaussian lines of variable proportions. Although surface charging was observed for all the samples, accurate binding energies (BE) (±0.2 eV) could be determined by charge reference to the C 1s peak at 285.00 eV.
The specific surface area (SSA) was calculated by the BET method from nitrogen adsorption isotherms, recorded at liquid nitrogen temperature on an apparatus model ST-2000, taking a value of 0.16 nm 2 for the cross-sectional area of the N 2 molecule adsorbed at -196 o C. Prior to the adsorption measurements the samples were outgassed at 130 o C.
DTA and DTG Analysis were conducted on CRY-2P and WRT-2P thermal analyzers. The sample weights were ca. 50 mg and the thermal runs were performed in N 2 (99.99 %) with a gas flow rate of 20 ml/min. The atmosphere was air and the temperature was increased from 50 to 950 o C at a ramp rate of 10 o C/min.
RESULTS AND DISCUSSION
The thermal properties of precursors
The thermal analysis results of DTG and DTA for La-Sr-Co-Mn precursors are shown in Figs. 1 and 2 , respectively. Fig. 1 also includes, as an inset, the corresponding TG curves. These changes of residual weight and differencial of temperature with temperature are shown by integral curves. As can be seen Fig. 1 , with increasing temperature, there are three main weight loss regions in the DTG curves for all precursors. According to the magnitude of the weight loss in each region, the thermal decomposition processes are distinguished as the following: the weight loss region below 100 o C results from the loss of coordinated water, the strong weight loss in the region over 350 o C is the consequence of the decomposition of the manganese, cobalt and lanthanum carboxyl groups, the region of weitht loss from 100 to 350 o C could be attributed to the decomposition of the hydrocarbon (CH x ) and organic component of the amino-groups. Furthermore, no weight loss peak appear above 500 o C, indicating that all the organic components are eliminated after calcination above 500 o C. The region of weight loss widens and the temperature of the formation of a perovskite-type mixed oxide increased as the mole ration of Mn increased. On the other hand, as is shown in Fig. 2 , the DTA curves for all the precursors are characterized by an endothermic peak and three exothermic peaks. According to the temperature difference in each region, the following thermal decomposition processes can be distingusihed: an endothermic peak at about 75 o C resulting from the loss of coordinated water, the peaks from 320 to 400 o C are the consequence of the decomposition manganese and cobalt carboxyl groups, and the peak over 400 o C could arise from both the exothermic contribution from the decomposition of the lanthanum carboxyl group and the formation of LaSrCo 1-x Mn x O 4 mixed oxide. In addition, the temperature of the endothermic peak and both lower temperature exothermic peaks change little for the three La-Sr-Co-Mn precursors. However, the temperature of the higher temperature exothermic peak increases with increasing Mn mole ratio, indicating that with increasing content of Mn the temperature requered to form the perovskite-type structure increases.
XRD Study
The influence of the calcination temperature and calcination time on the crystallization of LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides was studied by XRD. The XRD patterns of the precursor and samples of LaSrCo 1-x Mn x O 4 (x = 0.1) calcined at different temperatures are shown in Fig. 3 . These XRD patterns show that the precursor is amorphous and that calcination of the precursor at 650 o C for 6 h gave a well crystallized single phase, which could be attributed to the pure phase of the perovskite-type A 2 BO 4 , including a T phase and a T * phase. 11 The characteristic peaks of a crystalline perovskite-type phase were, however, not detected for the sample calcined at 550 o C for 6 h. This result indicates that LaSrCo 1-x Mn x O 4 (x = 0.1) with a pure perovskite-type structure can be synthesized by this method at a temperature as low as 650 o C. The characteristic peaks of the perovskite-type phase intensify significantly and become sharper as the calcination temperature was increased, which indicates that the crystalline phase of LaSrCo 1-x Mn x O 4 (x = 0.1) becomes more perfect with increasing calcination temperature. The influence of calcination time on the formation of the LaSrCo 1-x Mn x O 4 (x = 0.1) crystalline phase was also studied (Fig. 4) . For a sample calcined at 800 o C for 4 h, not only were the characteristic peaks of the crystalline perovskite-type phase detected, but also some dispersion peaks. However, the dispersion peaks of the 
(L, the average crystal size; l, the wavelength of the X-ray used (0.154 nm); b, the effective line width of the X-ray reflection; q, the Bragg angle, and (e 2 ) 1/2 , the microstain density), the average crystal size and the microstrain density of these mixed oxides at [110] were determined from the XRD pattern parameters and are also given in Table I . Moreover, the nominal and experimental (in parentheses) values of metal content are also listed in Table I from which it can be seen that the experimental values agree with the nominal ones for all these mixed oxides.
The particle size L are in the range of 104 -196 Å. The values calculated reflect the trend of the crystallinity shown by the XRD patterns. The particle size of the sample LaSrCo 0.9 Mn 0.1 O 4 calcined at 650 o C for 6 h is about 104 Å, whereas the particle size of the sample calcined at the much higher temperature of or 950 o C for 6 h is much larger, about 196 Å, because of the extensive aggregation. This result reveals that the calcination temperature has a significant influence on the average crystal size. However, the particle size does not change very much with the calcination time.
SSA Study
The specific surface areas (SSA) of some of samples determined by the BET method are given in Table II . The changes of the specific surface areas in terms of time and temperature of calcination of the mixed oxides with different Mn mole ratio are similar. The specific surface area of the sample calcined at 650 o C for 6 h was larger than those of the other samples. A steady decrease in the specific surface area was observed with increasing calcination temperature. The specific surface area also decreased slightly with the calcination time. The change of the specific surface area is relative to the crystal size. It can be clearly seen that the larger the crystal size is, the smaller is the specific surface area. 
XPS Study
The Co 2p XPS spectra of the LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides calcined at 800 o C are shown in Fig. 5 . They exhibit two main peaks corresponding to the 2p 3/2 (ca, 779.9 eV) and 2p 1/2 (ca. 796.2 eV) levels and one shake-up satellite peak centered at ca. 793.0 eV. The two main peaks could be deconvoluted into two components: for Co 2p 1/2 signals, one at 796.0 eV and the other at 797.5 eV; whereas they are at 779.9 and 782.6 eV, for the Co 2p 3/2 . The Co 2p 3/2 binding energies of 779.9 and 782.6 eV with the shake-up satellite peak indicate the presence of Co 3+ and Co 2+ and Co 2+ , respectively. 13 Tejuca et al. 14 suggested that the shake-up satellites are due to Co 2+ and could be considered as a fingerprint of Co 2+ ions. From Fig. 5 it can be seen that the intensity of the satellite peak decreases with increasing mole ration of Mn, suggesting that there is a decrease of the Co 2+ content as more Mn is incorporated into the B site of the A 2 BO 4 structure. 
CONCLUSIONS
A series of LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides with a perovskite-type structure were successfully synthesized at fairly low temperatures in air by the decomposition of amorphous complexes. The precursor can be completely decompose into oxide at temperatures below 500 o C. The decomposed species is composed of LaSrCo 1-x Mn x O 4 mixed oxides and formed a perovskite-type structure during calcination at 650 o C for 6 h. The particle size increases dramatically with the calcination temperature, while the calcination time has only slight influence. The change of the specific surface area is relative to the crystal size. The larger the crystal size is, the smaller is the specific surface area. The intensity of the satellite peaks decreased for LaSrCo 1-x Mn x O 4 (x = 0.1, 0.3, 0.5) mixed oxides as the mole ration of Mn was increased. The binding energies of Mn 2p 3/2 in these mixed oxides indicate that manganese element is mainly in its Mn 3+ state, revealing that the influence of the calcination temperature and the mole ration of Mn on the binding energies of Mn 2p 3/2 is very week. 
